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Blackjack Strategy with Extended Monte-Carlo Tree Search

gk HE T
ITOH Masarut

Abstract:

This paper focuses on card games, especially Blackjack, which are representative of imperfect in-

formation games. AlphaZero, which developed AlphaGo, conquered Go, the most difficult perfect information

game. It owes much to Monte-Carlo tree search. The idea of Monte-Carlo tree search, one of the best-first

search methods, originates from the UCB algorithm for the multi-armed bandit problem. Using the extended

Monte-Carlo tree search, the search tree is improved so as to derive the best action of Blackjack, which is one of

the imperfect information games, and the algorithm is constructed. One playout performed at each node of the

game tree corresponds to a player winning or losing in that round. The purpose is to realize a Blackjack strategy

that can compete with the basic strategy that is effective in Blackjack by searching an extended Monte-Carlo

tree. In numerical experiments, the proposed method is evaluated by using the payout ratio.

1. EL®Ic

BRI ARERERS — 6 123 ORFHBTHB 5
VTIE - BRI Iy IV v v 2R ZFDOMIERNRE T
%, BREWRS —LDORBIETHsT-HELZ T LT 7€
04 TS T EZDIFE YT A a KSR (Monte-Carlo
Tree Search: MCTS)®) 1285 ¥ ZANBKEWV, 717 7
T3 2016 FIHR SN HET SR BEAE AW T
VT 7 B0 R QBFECHERINLBLFEHDOAD T L
7Rt RPERBEIELS - LHEE AL TH 5,
2018 FFICHER I N2 Z D7 — LG AT O LR EN %
HoTWADBEY T HLOAERTH %, 350V DD
oD RIEE (Deep Learning)® Td %, mEERHER
FEQOEDOTHIZEYTHNVOKRERD 7 4 7713 %
NYF 4w M (Multi-armed bandit problem) 9 125
T3 UCB7AIY X610 ITHEHRLTWS

REBARRTAERBRS — 22 RETE2 L5127
I I v IDr —AKRERRE - HERL. 2073
ALEMET S, HINET 7 v 7P v v ZJTEME INT
WEN=—Y 9 AT Rh—RI T4 v
LIS 2 TIERINREE Y T AL KRR TER T
528 THb,

BIEEBIC BT 2REFEOFETIE. A7 Y bR
(payout ratio) ZfH T 2, 4 7V bRYIZ, HITEH
@Kﬂ?é%ﬁ%%ﬁ@ﬁ%ﬂ—tyF%?Lt%@f%
%, BILE, IWNREHE, HFEL D VI, TIvITr v
Tm«—/y7XF7TV—%ﬁ~FﬁW/T4/7&
Vo ZEFOFEEMRME L TLEFL L4 7. FuA
Y —DORA 7T FRP100%EE-TIHED D B Z & HFaT
Hd 2 VIFERICEEH A Tw 3 1Y,

T OBHITRRY: HRA SHRER (B

2. Tovodvyviosr—LA

T59 0Ty 78— K2 LED I — FOEER
QUASEWADTES . 21 2B UITAT I 2 WS 7 — 4
THb, V2D ERERRKAND T LAY —LT 4 —F—
PR T 2 RN ETRET 2, FHT I — R 6, & O,
OSDAR—YET UM A23,4,5,6,7,89,10,J,Q, K
DI RIE02KELTFTyFeT2mAK6TvF
TH2, AFPTIZ TV FRZAOEBLIZHH T T
%2, JOQKD3DRITRTU0O Aoy T3, 7L
AVY—D2RT22LPBbDT v I v v 7D &, T
0 L5 B VREE N5,

5 —LDETER 1 2 - THET 2,

Ty FIIAZI N TN B D H— RBEDTERTREREL
UTh2ETHE LA T 5, REKBLLTFIckse 1
Y bR TT B, TRTDILAY =BT 4 — 57—
BLEDLZETHI SV RTH DB, 1 7YY FORKIC

dealer @ aset of 1 or 6 deck(s)
o ~
i L r
M/ d
(\ V round
S Q8 104‘
~® _—chip2
player 4 chip3 player 1

player 3 player 2
1 or 4 player(s)
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IS IHEEIN, ZOST Y FTOLTLA Y — DRI
X%E%ﬁﬁiiéo5ﬁyP®ﬁ¢ffv4m%TLm

o FHIRRE Lty MEEKE TR E 2137 7 > FEEHK
Thkfv%% DEBIL Y <4 7Y FREEHT B, <
477 P RIBILORE L LWESORED L2 5K (1)
KXo TEEXNS,

TR AR

N IR = 1
/\/r 7‘7 ]\$ Eﬁ”’ﬁwm%ﬁ ( )

3. TLAY—2BPBIRLRE2F v T2T -7
WKWEL, T4 —7—RBKEtEDICS LA VY —RB T 1 —
S—HHECA-F22KTOMS, 1EBERT v S H—F
(RAEH—F) TR, 2HBE A Y —1E7 v 7
H—R, T4 —F—HBRKEEY I —F (RE=h—F)
T2, 7—7—DX 7Y h—F%EFK—1HI—7F (hole
card) EdWVWIH, ZTDIRENS FT T ROBHIAT %,

RIZ, TA—T7—W@FELTVLAY—20HIH—-F%E
7y 7H—KTHED, LAY —DF (N F) ZIEX
BELTWL, H1 LAY —202KY FEES T
FB1 VLAY —OFDHET 5, by FEEF T,
T4 =T =3I — R 1IRET v * (deck) »HIKE
RO 7y THh—=FTTLAY—ICE 5, by MIEHLT
HEARETH 2,

2R Ry NEAMZH R T Y v+ (sprit: RMALSY
#H), ¥7AL KXY (double-down: fEHEIT Tl kY b
A). L& — (surrender: &2 L CHITEDF %%
PO 2o T8 S A Y —I3BIRTE 3, 71— FDE
G 21 BBA MR T LA Y —0 THAL) DFEE L.
RN Eh 3, ZhEAZ N (Bust) W, T
AX—PARY REZEAZFTHUE, T4 —F7—1FRD
TUAXY -G EHB T, K13E3 LA v -—»rEa
DAY REWET 2720174 LTWARIERL T
%o, LAY —REDNY FHPHEETIUL. RIZIZT 4 —
S —BHEHBNY FEHEET 5,

F4—5—DBEATIDEIANR LR EDD T L
AXY=7ZITH3, TLAXY—LDEWVWE T4—7—1F
BRtEB 1T R TBT ey M, ITUETHTREZY L
WHOHRDRH 2, DD, T4 —F—Zldk vy PPRREK Y
F &V o ZATE OB D~ 0, —TO T4 v =&
CORRTHORR Y REEFTE %, AR 17N L
WIS 720, FSR S5 &5 TR 5,

T30 II% v IDTr— s REX2ITRT, TIT, R
TV FEFEER N T, EEDORTY v P TIE2
KON FE 2012730, Hlacr v 455, 27
Yy FLET LAY =53, @il T2l 7L A3
LZEMTEL, ATV LK, T4 =057
J1— R 2B E SN, 2HHOHANY K 2B E, =LK
TRE LAY FPHEELLZBETE 2 NV FOT LA DX
RX—+53, LRETS, Lad, DDA TY v
b TR T % 2178)% {stand, hit} O _HIRET %,

, #5585, 454, Vol.b8, Mar, 2023

current player’ s hand

. RN .
...........

next player next player next player
action action action

.......

next player
action

next player
action

M2 759 r9%yr7Dr—sR

3. R=YwIRLITI—

T v I %y ZOMSIEE . 1960 ERICT R —
F-0+ v —713 »3#%E [Beat the Dealer] D TT 5 v
7P % v 7 ORABIKIZOWTHRRTWE, LY —D
HD2MDNY RET 4 =5 —D7 v T h—F 1K OH
FHIFEEREL T LA Y — D78 2 —RICRE T %,
INPR=S 9 TANFTTI—TDH 5,

RNR=—Y I AT —TIE3D2DREFMT 3, N—
FAYE (R, YZEAVE (F2, RZAVE (£3)
WCHIGEL7Z30DRTH 2, AR 1ERF1LOEELH
—EI LR TERVE ZIHHT 2008 — FAY B
FTH2, ADP1ERRB1IIOEBLICHHRTEZ L =
WKHHT 2008V 7 bV FRTH S, HlZIX. R212H
2A5F A1 eERZNUI6THD, AR 1l &R
UL 16 TH B, 6 or 16 2FIFE, ZHd Soft Total TH
%, 3DHDORTZ NV RRIEIFHD 2 D A — R HFENIAL
DL XHAT 2, RIANYFRIZWEZAFY Y bITRER
EPOIEFSP bEENnd, SP OGEAEATY v b 2%
R 2, 3O0DREHEDHTNE 5 ODFLEIERDED TH
%, S: AX > K (Stand), H: v b+ (Hit), D: &7 LK
7 >~ (Double down). SP' X2 7Y v kb (SPrit). SR: ¥ 1L
v & — (SuRrender), 7—7—D7 v 7 H— K 101&H—
F 10/J/Q/K ORERMETH 2, b 42Dh—KiFT
NT7v27 10 h— R LTHERRbNS,

3ODRDFENTETRHT 2, ELDIIRTIANY FEE
v, BB RFIUE, KISV 7 AV RRE/FS, Th
HELY LTI, BBICN— FAY FRZHS, AT
TUA ¥ —DTEE—BITRETE S, ThDRITERY
A=AV RRIED, ATV y FTERVERET
X, A7V Y FOBGE, BEO T LA HNE 2 Bl F v L
VITELEEZNZ LWV,

4. h—RAI>FTa>7

RV IZANTITFI—TIE, Ty FRZNEF->TWS
H— FIZoWTIE—YEEL v, RAZTERIALTWY
5374 —9—D7 v TH—RLBETONY RIZHET7 v
H— FOAIHIE L THEHcES Wi RlETE 2 71 4
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RIR—VYIRAPTFTTI— (N=FAVF)

Up card of the dealer
Hard Total|2 3 4 5 6 7 8 9 10 A
5~8 HHHHHHHHH H
9 HDDDDHHHH H
10 DDDDDDDD H H
11 DDDDDDDD D H
Hard 12 HHSSSHHHH H
hand 13 SSSSSHHHH H
14 SSSSSHHHH H
15 SSSSSHHHSRH
16 S SSSSHHHSRSR
17~21|S S SSSSSS S S

S: Stand, H: Hit, D: Double down, SR: Surrender,
Up card 10: {10, J, Q, K}

LIRSV IRAIITFI— (VT IAVE)

Up card of the dealer
4 5

Soft
hand

P .
R e

EEEEER
wmUyYgoms

wmUoUgouUuo

wUUYUU e
W T T T~
wo T T T e
wimE T T e
wim T T T s
wo DT T e

3
H
H
H
H
D
D
S
S: Stand, H: Hit, D: Double down,

Up card 10: {10, J, Q, K}

KIR—Y 9 IALFTTFI— (RTAVE)

Up card of the dealer

2 3 4 5 6 7 8 9 10 A

22 |H H SPSPSPSP H H H H
3-3|]H HSPSPSPSP H H H H
4-4|/H HHHUHHHHHH
5.5|D D D D D D D D H H

Pair | 6-6 |H SPSPSPSP H H H H H
hand| 7-7 |SP SP SP SP SP SP H H H H
8.8 [SP SP SP SP SP SP SP SP SP SP

9-9 |[SP SP SPSPSP S SPSP S S
-100S S S S S S S S S S
A-A|SP SP SP SP SP SP SP SP SP SP

S: Stand, H: Hit, D: Double down, SP: Sprit,
Up card 10: {10, J, Q, K}

Y —IHERT 5,

TI9 T % v 7TET Yy FHNOERD - L4
Y—ICEAMR Bl E ST, FRlR e &b
MEF=HRE 0, DI —FRIZ7> 27 10 Dh— FH%
FHUZZWNEE LAY =12 o TFAEME D, T,
KT Hh—F 2~7) BZ2FEZVEY LA Y —1C
Yo TWEAFNCHZ, 22T, T4 —7—DBET7 v

H—FEHHETHREL T, K> 27 H—F (2~7) IKIZIE
EE5%2, 7> 7H—F (10,1, Q, K, A) iCixEfEzE 5
2T, ZOGi»OBISEEHEEH Y S, 25 TS
TLAY—OEBEEILVZIRD. R4 7Y FEREM
E52, ORI —FIT T4 T VWIHEIETH B,
EDORAIVITHIEEZI L, ¥OX A I V7T
BEPRL T EPE LRI SR,

H—=FRAIO YT 4 v ITR2ETTBINE, H vV ME
(count value) ZHAICEZ TBIDENRD 2, RDEHE
BROD {£1,0} BfE-72R4TH B, {-3,0,+1,+2,+3}
EfoTyIal—yaYMEKBELLEONRS TH
b, TOAUY MEET v 7 H— EHET2ECMEL
T7 =757 >t (Running Count: RC ¥ &) %
X (2) THEHT 2,

RC < RC + count;, i=1,2,---N. (2)

ZIT, i=11374—9=0T v ¥ty b 2IERICH
2 1MEEEKL, i = NE7 vy ¥ty b 2T 3ER]
DIV RTT 4 =7 —DERRICH -7 N REZEKT
%o count; 1 &7 4 — 7 —DBH i BB 727 v ThH—F
DH—FZ7 > (card rank) WXL FT2H V> METH
5, HARLB S, RC DFIEIZST — 4 DETITHEDLETE
KEFT S LTk b,

RC O #IHAEDS IRC (Initial Running Count) T® 5.,
Ty ¥ty PR AAE, BB 1y b
BTFHE RC=IRC XUty FEh3,

7y =y Zh vy b RC OYIHIE IRC 3 12 5%
WK B) DX TRET 2,

IRC =4 — (4 x decks), decks: T v 8. (3)

17y O ZYHMEO2S RCEH T Y+ LIAD, 6
FYFTERCE 200562X—bT 5, R (3) DEH
BRI RD S 2EZNIZ IV 179 F 52 KDTART
DAY Y MEDREFHIRARHEZIE, +4 k2, 17y
FOIRC ZREMIC0IIRD ESIXT I, ZOEK
4 %o TIRC=0=4— (4 xdeck), deck=1Y¥3h
FEv, ZhrK (3) OEHERILTH 5,

RC % fifi - THEIF<2 5/10/50/150/250,/300 % i B 2 Bl
THEZITUE, FIZIFER6 DX SITHRET 2,

6% 17y XoLETHATIUE RCMED 0LITFR
51E, BIEERND 51T 5, BEZ. A R2ES
Y7 H—F (10,7, Q, K, A) AT TIREFHEHLTVWBD
T, RSV RTTLA Y —IKE 63 2D FEF
A 2LTEVEEE RV, [IRb ey FLTHHEDNR
b AAREEDSTE VO TH ISR RAIMZ 2DTH 5, W
2. RCED 5 DL BiE, BE A — RIMES > 7 h—F
2~7) DZL, Ty FNRBZELZL D52 10— F
PESTWBEDT, LAY —IZEMEHBTE 5,

CDESWEH—FRAY YT 4 VIR ERET BF
ETHoT, LAY —DFTH (kv bRV RiRY)
ZRET 2 HDOTERY, [TEOFERIFIR=- v 7 X b



37

FRITERFMIRE, 55585, B 54, Vol.58, Mar, 2023

4507 H AV ME £1

card rank 2 3 4 5 6 7 8 9 10 J Q K A
count value | +1 +1 +1 +1 +1 +1 O o -1 -1 -1 -1 -1
K5 TV IH I AV Y ME £3
card rank 2 3 4 5 6 7 8 9 10 J Q K A
count value | +2 +2 +3 +3 +1 +1 O o -3 -3 -3 -3 -3
£6 7= HhU Yk RCIRXZHEISOLEH
RC for 1 deck 0 or less 1 2 3 4 5 or more
betting chip values 5 10 50 150 250 300
RC for 6 decks | —20 or less —19 ~ —5 —4 -3 -2 —1 or more
betting chip values 5 10 50 150 250 300
initial state random numbers

R7THBBITEDS S T LA 70~ OBl & T AR

win or lose Reward of playout return rate
win (double down) +8 2%
win (blackjack) +7 1.5%
win (normal) +6 1x
draw +4 0

lose (surrender) +3 —0.5x%
lose (normal) +2 —1x
lose (double down) 0 —2X

ST7Y—2MATIL2RV, TABR=— v AT T
=AW= RIV T4 Y TOHATH S,

5. READHE

ZHiANY T 4 v MO ST 2RERN RO —D
IZUCB 73 Y X419 53% %, UCB &id Upper Con-
fidence Bound DMK TH %, Bl T H L naiETlE
HE1OEFEALPTER Y, ZZTUCB 743U X
L EVTHAOERS — ARERICHAAL, UCB 7
NV XL EBAATEAREEZR D UCT (UCB applied to
Trees) 74TV XL W THD, ZhE—RKICEYTHNL
OARER L IER, UCB 713 X A% FHWTHEY R ) —
FEEIRL VLA 7Y M 2ETT 5, LA 7Y b OWMN
B {+1, 0} TH kWL, lUIEr /60 5%
BT KV B 51, EIRME 0 EHERY
WA2ZeHNTEZ, AETIIBENERMCERNTH S
ZeHHIENTWS Y, BRETIER 7TITRTHBRICES
V477 FOHI (0~ +8) IZOWVWTHIRET S,

UCB 713V X AaTibId /) —F oD UCB, DER
2R (4) IRT, 22T, X, &/ — F v OFEHRM. n,
X/ —FoblBEOT LA 7Y MEEL nidov D/ — KT
DTVLATY MEBTH S, X (4) DAEIE 1HIZ —F
v OFHRIME, 55 2 THIIAA 7 REL I T LW,

at each iteration

@ks

of the player

,,,,,,, next player action

NN playout

lose

win

3 IEIRE ¥ 7 AL u ARG OBEEAR

2Inn

UCB, = X, +C (4)

,  C: constant.
n’U

M 3 3BEDONY FTRETEHZRD LS L LTWS,
BT %, 3. B — F (root node) IZFHiH
VR X BERIND, T—IDBT LAY —DITEHITH D,
7 — EDBZDTEER - 725Dy RERT, R/ — K&
FRIFICIENES — FIZEERE S, B — FERCITRTO
BIRARE R ERITEIDEE ) — e LTBIMEh 3, # —
R2GEIE NS LR — FICEFINIANAY FreT7—2
IR 7ATEI R EIR Uik, T LA 70 b3 1 720 54T
ENB, ARYERLEZ —RobERICKD 2RSS
VAT NTH2, PLATUREIE HEINYEDPED
TEMEIRDIE, 207V Y R T T2 ETHR 2SS
TUA X —DEHATEN 2B L THRDPBT 2 ETD 1
FlOIalL—arydlezno,

TLAT7Y MOT LAY —DITENIR—S v 7 A+ 5
TS, 7 V& LRI, BT LA v —
DITHIR—=Y v 7 AN T T —TRET b, ZOHDH
X 3 OHFEBEARIH PN TOE T LA 77 b (EERERS) @
FETHZ, TLAT T MORETT 4 —F—DAY KD

> > )=
— - V-
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17 LRI 2EZ DR S T > P T L. BEASBEL .
HIEIEEINS, 2O EZD7LA 7Y O
WET %, L1477 MRINIZN T L SoBEET
HBRENT N, BBUC X 28 {+1, 0} TH L\,

FLATTMZED ) — FOFMEREDIE, ZOEEE
B — FECIEREET 2, CABKROEFTH 5, BH
PET L726. R —FA25HUR (4) © UCB EOKE
W — RIZED 2 2 ik b, B — FIZEBE T UL,
ZOWE) —REINY R LTERZS LA 7Y b2 1
FATL. TORRER — FETRT,

) — FICERET 2 MBS — R i kiud, E
J—=FRERHALTTF//—=FEEML, K231 BREI RS,
COHEANIPRE L TBL —ERD Z v % /7 — FEHEHE
(node expansion threshold) ¥\ 5, %/ — RAERFHICIZ
Pl ) —FTRTILAT7Y A 1 AEFETFEINS,
) — FPAEMAXhZY, 2O/ —FEAE/ — ek
3, WHEDEYTHALOKRTEHNHR/ — FTEILA4 7Y
MEFEFTIhRBWV, LA 7Y FOFRITIZE ., — FICRE
ENd, LhL, 79927V % v 7 TiE by FOfTEI%E
BIRLZGA, BIIENE D — DI 712k > TidNZ
FLTLEWV, ZORETHRILITEET 2, £ZT, NA
FLAZE BWZIZZONE — R TH LA 7Y he 1 HE
fTL. T A7y Ml EVEL T, 2O ER, —
FTHKRI 2, ZOPRET DHIRE Y T H L0 RER
DERRKDOFHTH 5,

TLA 7T bEBRE) — FERENE, — 2510
J—FIEZREE EICH BT RTONE ., — KT UCB i
DEREH END, e —EREIRDIET, T4 7Y
FEEHAHEFICED 2T LA 7Y~ EREBUSGEL -
=, RKERPKRT T2, RERPIKET UIRR TR — K
B ROF /7 — REGEERPRRKOTEEZ 7L A4 ¥ — 138
52, ZOUBREXY FRLIE, RT VA4 Y —IZFHFHE
o by MBI il —F1IRDBT 4 =000
N, ENYEDPEH IS, ZOHE. ROTHOWEI
EHCRRE Y T ANV O RERZFITT 5281885,

IEREY T HARRERD S VX uMid, T4 —5—D
F—Ah—F (K305 HC) &7y FIZxhTwn
250 A —Foility (K3 DELE decks) D 2DOTH 5,
B — o ReBEDHITERMCER NS 2 DZHELE
THRET 2, FAEDTLA 7T F&IITT X LTI
FAEZBEVWTKRREZETHERERD Z2DTIERL, 77y 7
PxvIDTVLATYMTE, A=A h—ReT v XD’
DAH—ROWET Y XLTHELT, TOIV Y FEK
TXETHREBISEBEE T 5,

RRPEMTS—LTHET Ty 7% v 7L, ##F
FTRAIREY THNVBAREREH W T Iy 72 % v 78
BO7LITYZL%FeDHEERDE 51Tk 5,

REETIIVIL

Step0: R/ — FIKIHED LA Y —DENY ¥ EEH
L. 4—5—0DOFk—LH—F (N3DHC) £Fv

FOEH H— FOI N (decks) ZEILTHIEALT 3,
BT, WX 1DOF/ — FRAERT %, £ RIS
HBE/) —FTTLAT7Y b2 1 EZPTETTZ, 2N
TR/ — FETREEBXNZFE — FO UCB HHF)
HREX NS,

Stepl: R/ —F2roBELRT/ —F, BRI
UCB EXRKD T/ — FEFERT 5, BIRERE
{stand/hit/double down/surrender/sprit} @ 5 DT
Hb, HRATY)y bEFRLRVED, A7V v M
TLAX—DENY RBFEMALOBZEICE NS,

Step2: T/ —FIBB LS 7 —2I12H 2B INITEI %R
792, ZZTHLANAMLDH, ZOWER/ — KT
FLA 7w M 1ESEITLT Stepb 12,

Step3: NAR P LAIFHI, B UCBERKDOTF/ —F
ZEIRL T, —BZIARZRED 5, 3/ — FICHET
% % T Step2~Step3 /D IRT,

Stepd: WHFEWRE ) —FOFLA 77 MEIKAH — F
EHBEEEZIAL, Z20E ) — FZER L THFERAR
PBIRL T, ZOLEE) — FIINE, — Fick
5, BMLEF/—FOFTXRTTLIEEZFI S LA 7Y
FEETFLT, 27/ —FO UCBEERET %, b
L/ — FEFBEZEZ CORTIUE, 20E/ —F
TTVLA4 7Y b2 1 EETETT %,

Steps: ZD/ —FTDOIL A 77 +DERD 5 UCB fH
PEHT S, HETZD/ = FTOT L4 77 MEK
bHEHT 2, zho0fE (UCBEE L4 7w ME
B) BR/ — FETIEICHRXE 5, MR —
FETORE FICH 2 TXTONE — KD UCB fE
LTV A 7Y MNEHEH ENDE Z L ITR 5,

Step6: LA 7V FEIBDPHEFFRELZTLA TV ME
FRENZE L TOAUE Step? A, X dRFIE, 74—
7—Dk—=NH—F (HC) &7y XDEDHI—FOD
WX (decks) ZEHEAXTHEAML L T Stepl TR %,

Step7: R/ —RETOF/—F»BbOF LA 77 O
PIRKRD/ — R2ERT 2, ZL T, 2D/ —FA D
TE % R#fTE e LTHRIRT %, 22 T7Aa U X
L& T %, hit/double down/split & ERIRF 4,
T4 =T =D oIk — FOREBICE SN 5,

Step0, Step2, Stepd TF LA 7V b EETL TV,
TLAT7YMTE, LAY —DANAY RIZRTAY RR
= VT INAYFR 5 N= Y FRZIAICHEH L TR—
Vv I AN TV —RRMECHY T 2ITEIE —BIOER
T5, NV EFRIMLLERZSIE, N—FAY FRDAIZHK
735, 7L A4 v —0f78) (K 3125 3 next player
action) HbIRTR—=Y v 7RI TI—TIRET %,

HERDF, ZOF TV KPR TT2ETH LA T Y
FTHB, EWVWISHETHD, EMEIE. T4 —F7—DAY
ROEELTET LA Y —DHIIEPHEEINS ETH1
FLATY M TH B, 22257 R AME—0nn, 2%
FAITYZLDHTT YRR ZETOVEZDET 4 —
T—DER—ILI—RETYFOED H— FOW S EEET
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BH LR S

#HAL§ % Step0 ¥ Step6 7213 TH %, Step0 i 70TV
ALBAR— X E-DDUHAAETH D, Stepb 1F
Stepl IZR 2 7= DEAIHHLIE TS 5,

6. BERER

61 EEROFREMHCRE

R LARE Y 7 AL B AREHER (Extended Monte-
Carlo Tree Search: eMCTS) ZHW/=T7 I v 7 vy v
RO 713 X a2 BEAR L, 0237147
v b O E R (win-lose) T5-X % eMCTS-WinLose
THDH, 32027 VA4 7V M RMERT7TI2H 3
Reward fi (0 ~ 4+8) TH X% eMCTS-Reward TH %,

Heg gIcflio 2 FHEIIE 1I~M3 2FAT 2 R—2 v
7 A b 77— (Basic Strategy: BS) IZ&EO< BS ke
H—FHhv T 47 (Card Counting: CC) ZHfH L 7=
BS+CC TH 53, h—FHhv 2T 4 ¥ 7 OFEIIFREE Y
TAHANVORER BHHTE S, ZN%E eMCTS-Reward
+ CC &R T %,

—Ti. TUAXY—ET v FHORLITREVRETD
%, MAEHLEDPZEBDLDTADIZEN L 1 714
Y—17vF 17T LAXY—6TvF 47 LAVY—1Tv
F ATVLAY—6T vFDANRKX=VITDIAATY,

H—=RAY T4 YIRS GHE. BIE2EEHI L2
MEDDH D, ZHERSD [T 71 cHEI AV Y ME
4312 R65>=v7HY Y b RCIZKBHEISOEE
EHEALE, A—FAv >y T4 Y7 2PFA LRV BS R
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BS only | max
rounds wins losses  draws total bet total profit total refund | payout ratio
1 player, 1 deck 5000 2391 2412 287 1,385,500 49,750 1,435,250 103.59%
1 player, 6 decks | 50000 | 23426 24304 3304 13,860,000 271,125 14,131,125 101.96%
4 players, 1 deck 8000 | 15018 15556 1978 8,855,750 204,875 9,060,625 102.31%
4 players, 6 decks | 80000 | 148536 157022 20790 88,577,500 973,500 89,551,000 101.10%

£ 9 IRE Y F AN O ARER (eMCTS-WinLose) (C =1.0) DiEHR

eMCTS-WinLose | max

(C =1.0) | rounds wins  losses draws total bet  total profit total refund | payout ratio
1 player, 1 deck 5000 2317 2566 160 1,603,500 —122,125 1,481,375 92.38%
1 player, 6 decks | 50000 | 22947 25820 1778 16,020,500 —1,420,750 14,599,750 91.13%
4 players, 1 deck 8000 | 14712 16525 966 10,253,750 —864,125 9,389,625 91.57%
4 players, 6 decks | 80000 | 146208 165306 11108 102,279,750 —9,178,375 93,101,375 91.03%

# 10 HL5RE ¥ 7 AV RHER (eMCTS-Reward) (C = 3.0) DF5R

eMCTS-Reward | max
(C' =3.0) | rounds wins losses  draws total bet total profit total refund | payout ratio
1 player, 1 deck 5000 2175 2736 164 1,386,750 13,750 1,400,500 100.99%
1 player, 6 decks 50000 21700 27360 1656 13,768,000 86,750 13,854,750 100.63%
4 players, 1 deck 8000 13975 17363 1009 8,875,000 126,375 9,001,375 101.42%
4 players, 6 decks 80000 | 136750 176508 11011 88,001,750 —457,000 87,544,750 99.48%
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BS+CC | max
rounds wins losses draws total bet total profit total refund | payout ratio
1 player, 1 deck 5000 2295 2372 333 234,500 28,200 262,700 112.03%
1 player, 6 decks | 50000 | 22801 23837 3362 3,578,200 28,300 3,606,500 100.79%
4 players, 1 deck 8000 | 14679 15346 1975 912,500 135,750 1,048,250 114.88%
4 players, 6 decks | 80000 | 144745 153989 21266 5,998,700 322,100 6,320,800 105.37%
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eMCTS-Reward | max

+ CC (C =3.0) | rounds wins losses draws total bet total profit total refund | payout ratio
1 player, 1 deck 5000 2128 2791 136 246,825 14,709 261,534 105.96%
1 player, 6 decks 50000 21572 27430 1692 455,865 —8,396 447,469 98.16%
4 players, 1 deck 8000 14029 17354 959 1,308,580 30,409 1,338,989 102.32%
4 players, 6 decks 80000 | 137154 176091 10953 19,113,980 196,109 19,310,089 101.03%
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max round | payout ratio method
1 player, 1 deck 5000 112.03% BS + CC
1 player, 6 decks 50000 101.96% BS only
4 players, 1 deck 8000 114.88% BS + CC
4 players, 6 decks 80000 105.37% BS + CC
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